The theory of fiscal and regulatory competition between jurisdictions is more advanced than its empirical testing. This is particularly true of labor regulation in general, and minimum wage regulation in particular, and especially so for developing countries. This paper utilizes the spatial lag methodology to study city-level strategic interactions in setting and enforcing minimum wage standards during 2004-2012 in China. We manually collect a panel data set of city-level minimum wage standards from China's government websites.
Introduction
Strategic interactions of fiscal policies among governments have been well discussed in both theoretical and empirical studies. Early examples of theory papers on tax competition include Kanbur & Keen (1993) , Edwards & Keen (1996) , and Wilson & Wildasin (2004) . 1 Compared to tax competition and environmental policy competition, however, jurisdictional interactions of labor standards and regulatory policies have not been studied as intensively (some examples include Duanmu, 2014; .
A conventional wisdom is that there is a potential "race to the bottom" in labor standards across countries. Governments might undercut each other's labor standards to attract foreign capital (e.g., Chau & Kanbur, 2006; Olney, 2013) . On the other hand, strategic interactions among jurisdictions could also lead to a "race to the top" of labor standards, for example, in the case that labor becomes a scarce resource. Regardless it is race to the bottom or to the top, the key idea is that policies in one country might be influenced by those in others. While the existing literature has provided evidence on between-country interactions in labor standards, there is so far little evidence on within-country competition, especially in developing countries. Given the importance of this issue, this paper fills the gap by providing the evidence for strategic interactions on minimum wage standards in China.
This paper focuses on minimum wages as a leading example of labor standards for the following reasons. First, minimum wage standards directly reflect the overall level of labor standards in the local labor market. For instance, an increase in minimum wages leads to a rightward shift of the whole wage distribution (Neumark, 2004) . Second, the frequent adjustments of minimum wage standards in recent years make China an ideal policy setting to identify interjurisdictional competition within a country. Before the year 2004, a minimum wage standard was close to nonexistent, with low statutory levels and weak enforcement of the laws.
From the mid-2000s onwards, however, rising concerns on inequality led to considerable strengthening of regulation and enforcement of minimum wage standards. As a result, there have been large time and spatial variations in both minimum wage standards and the enforcement since 2004. Third, the decision-making system of minimum wage standards and the enforcement is relatively decentralized in China, which is also critical to the study of jurisdictional competition.
Therefore, we use minimum wages as an example to study labor standard competition.
This paper relies on a Spatial Lag framework combined with exogenous covariates to identify the spatial interdependence in setting up and enforcing minimum wage standards in
China. In the analysis of minimum wage standards, we collect a panel data set of city-level minimum wage standards from China's government websites during [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . To estimate the magnitude of spatial interdependence, we first estimate a spatial static panel data model using both Maximum Likelihood method and Instrumental Variables (IV/GMM) method, then estimate a dynamic panel data model using Arellano-Bond GMM estimator. The analysis finds strong evidence of spatial correlation in minimum wage standards. If other cities increase (or decrease) minimum wage standards by 1 RMB, the host city will increase (or decrease) its standard by about 0.7-3.2 RMB.
Then we conduct a parallel analysis of strategic interactions on minimum wage enforcement. The literature on fiscal competition has found that enforcement policies are used as instruments for fiscal competition, when competition in tax rates are banned (Cremer & Gahvari, 2000) . For instance, Ronconi (2012) finds that governments react to the competitive pressures produced by FDI inflow by turning a blind eye to noncompliance of labor laws. Bhorat, Kanbur and Mayet (2012) is an example of the recent literature documenting non-compliance with minimum wage regulation in developing countries. Despite data limitations, the current paper makes the first attempt to assess competition on the enforcement of minimum wage standards.
We find that if the violation rate in other cities increases by 1 percent, the host city will respond by an increase of roughly 0.3 percentage points.
The rest of the paper is organized as follows. Section 2 introduces the institutional background of minimum wage setting in China. Section 3 describes data. Section 4 sets the empirical model and discusses identification strategies. Section 5 presents the main results, followed by robustness checks in Section 6. Section 7 concludes by putting our results in the context of the broader literature and looks ahead to areas for further research. When it comes to enforcing minimum wage laws, the "Minimum Wage Regulation" law specifies that governments at the county level and above are in charge of the enforcement in local areas. Therefore, prefecture-level cities, which stand one level above counties, will have full control over minimum wage enforcement in their cities. And this authority makes it possible for cities to compete against each other in the enforcement of minimum wage laws.
Institutional Background

Minimum wage setting and enforcement in China
Motivation of local leaders to compete on minimum wages
Leaders of city governments have at least the following three motivations to compete against each other on minimum wage standards and enforcement. While they are all plausible and have been documented in the literature, this paper does not discriminate one source from another.
The first incentive for interjurisdictional competition on minimum wages is competing for capital, which could lead to a race to the bottom of minimum wages. If we assume capital flows to places with lower labor cost, then more stringent labor standards (e.g., minimum wages, labor rights) in local areas compared to other areas would reduce the attractiveness of local environments for firms. Therefore, local leaders might undercut each other's labor standards and employment protections to attract foreign (and domestic) capital (Chau & Kanbur, 2006; Olney, 2013) .
The second incentive for interjurisdictional competition on minimum wages is competing for labor which, to the opposite of the first incentive, might lead to a race to the top of minimum wages. It has been argued that China has passed the Lewis turning point, and the era of surplus labor is over (Zhang, Yang & Wang, 2011) . Moreover, because a tightening labor market in an era of high economic growth gives workers stronger wage bargaining power, the last decade has seen rising labor costs across the country. Therefore, city governments might engage in the competition for labor.
Last but not least, city leaders might strategically set and enforce minimum wage standards driven by promotion incentives. Promotion of local leaders in China is decided by their upper-level governments, based on performance comparison across jurisdictions. It has been
shown that such a promotion scheme leads to tournament competition among local leaders in multiple aspects, such as in investment (Yu, Zhou & Zhu, 2016) and coal mine safety (Shi & Xi, 2018) . In a similar vein, city leaders might be motivated to engage in tournament competition in minimum wage standards, if labor standards are important components of the performance evaluation for local government leaders. This motivation is likely in particular because China is faced with rising inequality and minimum wage standards have been used as an important tool to curb the rising inequality.
Data
We construct a panel data set from several sources. City level minimum wage standards in 2004-2012 are manually collected from local government websites (through searching "Baidu", a
Chinese version of Google). 3 City characteristics and boundary shapefiles are compiled from China Data Online (see Table A .1 in the appendix for descriptive statistics of city characteristics).
The final data set for the analysis of minimum wage standards includes 252 prefecturelevel cities in 25 provincial-level administrative units as opposed to all 294 prefecture-level cities in 34 provincial-level units of China. This subsample property will not bias our estimations for the following three reasons. First, the final data set is not derived by a non-random selection process; rather it is a result of combining data sets from different sources. 4 Second, results are not driven by individual provinces, as the estimates are not sensitive to dropping any individual provinces (Section 6.1 will give more details). Third, we also run two-sample t-tests for each economic variable in the omitted sample and the included sample. None of the mean differences is statistically significant.
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As discussed earlier, the frequent upward minimum wage adjustments provide a good source of identification for interjurisdictional dependence. Table 1 In the second main analysis, "race on minimum wage enforcement", we proxy the degree of enforcement by noncompliance rates of minimum wage standards in the city, which is derived provinces. Again, the relatively small sample size should not bias our estimates of the spillover effect of minimum wage enforcement, given the randomness of UHS sampling and sample selection process. As a matter of fact, the economic characteristics are by and large quite similar between these 66 prefecture-level cities and those dropped from the analysis. 6 To calculate city specific noncompliance rates, we take advantage of the employment and wage information from the questionnaire. 7 Specifically, violation rates of minimum wage standards are defined as, the number of workers paid below local minimum wage standards divided by the employment size in the city. As Table 1 shows, on average, 9.2 percent of workers are underpaid during the study period. An important determinant of noncompliance rates is Kaitz ratio, namely the ratio of minimum wage standards and median wages. Cities with higher Kaitz ratio might be harder to fully enforce minimum wage standards, and hence have a higher violation rate than cities with lower Kaitz ratios. Table 1 shows that the level of minimum wage standards is on average 38 percent of the median wage in a city. 
Empirical Specification
This paper uses a spatial lag framework to estimate city-level strategic interactions in setting and enforcing minimum wage standards. 8 For each analysis, we first estimate a spatial static panel data model using both Maximum Likelihood method 9 and Instrumental Variables (IV/GMM) method, then we estimate a dynamic panel data model using the Arellano-Bond GMM estimator.
Race on minimum wage standards
To test whether minimum wage standards in the host city depend on minimum wage standards in other cities, we estimate the following Spatial Autoregression Regression (SAR) model,
where , is the minimum wage standard in city i in year t; ∑ , , ≠ is the Spatial Lag, the weighted average of minimum wage standards in other jurisdictional areas. captures the spatial dependence of minimum wages. , −1 is a vector of city-level economic characteristics, including GDP, per capita GDP, industry share in total GDP, labor force participation rate, the proportion of employees in the primary industry, student enrollment in secondary schools, student enrollment in primary schools, the number of large-scale enterprises, the number of beds in hospitals. 10 We take a 1-year lag of the covariate vector to enhance the case for exogeneity 11 . All values such as GDP and minimum wages are deflated by the provincial level Consumer Price Index, with 2002 as the base year. controls for city fixed effects; controls for year fixed effects. For descriptive statistics, see Table A .1 in the appendix.
The key independent variable, spatial lag, is constructed using two different weighting matrices ( , ) in the main results, and four additional weighting matrices in the robustness checks. First, we use a contiguity matrix, where a city's neighbors are defined as prefecture cities that share borders with it. The weighting matrix is normalized so that the row sum equals to unity.
If the host city has neighbors, then the weight that city puts on city is defined as,
Second, we use an inverse distance-based weighting matrix, assuming that closer cities have stronger impacts on city than cities farther away. The neighborhood-inverse distance matrix is as follows. , = 1 , where d ij is the distance between the centroids of city i and city j (W2)
The main econometric challenge to identify the magnitude of the spatial interdependence is the reflection problem (Manski, 1993) . Because , and ≠ , are simultaneously determined, the spatial lag term is not orthogonal to the error term. As a result, OLS does not give consistent estimates. To deal with this endogeneity, the most common methods include Maximum
Likelihood method and Instrumental Variables (IV/GMM) method (Brueckner, 2003; Shi & Xi, 2018) . We use both methods to derive the estimates and then compare the consistency of the results. In the spatial IV method, we instrument the spatial lag
, the weighted average of other cities' exogeneous variables. The identification assumption is that city j's exogeneous variables only affect its own minimum wage standards but do not directly impact those in city i.
In addition to estimating a static spatial lag model in Equation (1), we add time-lagged minimum wage standards into the right-hand side of the model because minimum wage standards in the current year might also depend on minimum wages in the previous year. By doing so, the model becomes a dynamic panel model and fixed effect estimators are no longer consistent. To address this issue and potential endogeneity concerns, we follow Olney (2013) and estimate the dynamic model using Arellano-Bond GMM estimator (Arellano and Bond, 1991) . This method takes the first difference of the model and instruments the right-hand side differenced terms with all their lagged levels. 12 We also include additional instruments, the lagged levels of weighted averages of other cities' exogenous variables, ∑ , −1 ≠ , which were used as instruments in estimating Equation (1) . The estimation equation is as follows:
where Δ , is the change of minimum wage standards in city i from year t-1 to year t;
is the change of the spatially lagged minimum wage standards in city i from year t-1 to year t. This method identifies a causal impact of other cities' minimum wage policies on the host city's policy.
Race on minimum wage enforcement
To study interjurisdictional interactions on enforcement, we modify model (1) by changing , to , , where , is the enforcement level in city i year t. The model is as follows,
where , indicates the ratio of minimum wage to median wage calculated for each city.
This is the only additional covariate compared to Equation (1); we add it because cities with higher minimum wage standards tend to have lower enforcement and higher violations.
Enforcement intensity could ideally be measured by the amount of resources (e.g., inspectors)
that the local government invests to regulate minimum wage laws, but such data are lacking.
Instead, because stronger enforcement intensity is associated with lower minimum wage noncompliance (Bhorat et al., 2012) , we proxy enforcement by the headcount ratio of minimum wage violations: the number of workers receiving below minimum wages divided by the total number of working population. Again, Equation (3) is estimated using both MLE and IV methods, using the same instruments as when estimating Equation (1).
Because the enforcement analysis uses household survey data to compute violation rates, and the household survey is conducted in a randomly selected subsample of cities in the country, we end up having many "islands" and other cities with few contiguous neighbors. Therefore, we only use the inverse distance weighting matrix to construct spatial lags. The construction of the matrix is the same as the formula (W2).
Again, we introduce a time-lagged enforcement variable into the righthand side of Equation (3) and estimate the dynamic panel model using Arellano-Bond estimator. The first differenced model is as follows,
where Δ , is the change of minimum wage violation rates in city i. This model identifies a causal impact of other cities' enforcement levels on the host city's enforcement. Table 2 presents estimation results for jurisdictional interdependence on minimum wage standards using three different estimation methods and two weighting matrices. Models 1-2 both use MLE method, with model 1 using the contiguity matrix (Formula W1) and model 2 using the inverse distance matrix (Formula W2). Likewise, Models 3-4 show IV/GMM estimation results; Models 5-6 use the Arellano-Bond difference GMM estimation method, using all lagged terms as instruments. ). Likewise, Models 3-4 show IV/GMM estimation results; Models 5-6 use the Arellano-Bond difference GMM estimation method, using all lagged terms as instruments. Results also hold using Arellano-Bond system GMM method. Control variables are taken a 1-year lag. Robust standard errors in parentheses are clustered at the city level. Year 2009 is dropped from all analyses, because no minimum wage adjustments occurred in any city during the year. *** p<0.01, ** p<0.05, * p<0.1.
Main Results
Race on minimum wage standards
Overall, these models give consistent results that other cities' minimum wage standards have a positive effect on the host city's minimum wage standards. The magnitude of spatial dependence ranges between 0.7 and 3.2. In other words, if other cities increase their minimum wages by 1 RMB, the host city will increase its minimum wage standard by 0.7-3.2 RMB. This estimated magnitude of spatial dependence is comparable to that by other studies using similar methods. For instance, use the IV/GMM method to estimate spatial interactions in labor standards across countries and find point estimates between 0.2 and 2.
Olney (2013) finds the point estimate of intergovernmental dependence in employment protection is between 0.18 and 0.44 when using Arellano-Bond GMM method, but as large as between 1.6 and 2.9 when using the IV method.
Across the models, a few control variables have statistically significant point estimates.
First, cities with higher labor force participation have higher minimum wages. Second, a higher enrollment rate of primary school students is associated with higher minimum wages, but a higher enrollment rate of secondary school students is associated with lower minimum wages. Third, a higher number of large-scale enterprises is associated with higher minimum wages, which could be explained by higher demand for labor. In addition, the estimates from Equation (2) show positive coefficients on the lagged minimum wage term, suggesting that minimum wage standards might be persistent over time. indicates that a higher minimum-to-median wage ratio results in a higher violation rate of the minimum wage law in the city. Model 1 shows MLE estimation results. Model 2 shows IV/GMM estimation results; Model 3 uses Arellano-Bond difference GMM estimation method. All models use inverse distance weighting matrices to construct the spatial lag term. Control variables are taken a 1-year lag. Robust standard errors in parentheses are clustered at the city level. *** p<0.01, ** p<0.05, * p<0.1
Race on enforcement
6 Robustness checks
Robustness to sample changes
There might be potential concerns that the evidence of spatial interdependence in minimum wage standards is driven by a subset of the provinces. To address this concern, we examine the sensitivity of point estimates to the exclusion of individual provinces. Results are plotted in Figure 1 . For instance, the first point shows that the magnitude of spatial interdependence is 2.35 after excluding Beijing; the second point shows that the magnitude of spatial interdependence is about 2.4 after excluding Tianjin; and so on. Overall, the point estimates are not sensitive to excluding a particular province, with the magnitudes in the range [2.1, 2.5] . Note that while these estimates are derived using the IV/GMM method, the MLE and Arellano-Bond estimation methods also give robust evidence of spatial interdependence.
Likewise, there might be potential concerns that the evidence of spatial interdependence in the minimum wage enforcement is driven by only a subset of the sample. We conduct a similar subsample analysis and show the results in Figure 2 which is parallel to Figure 1 . It suggests that the evidence of spatial interdependence in minimum wage enforcement is robust to excluding any individual provinces, with the estimated coefficients ranging between 0.2 and 1.1.
Note: Each point estimate is the coefficient of the spatial lag of minimum wages, using IV/GMM estimation method and inverse distance weighting matrix, after excluding the labelled province. Fig 1. Robustness of minimum wage competition to excluding a province Note: Each point estimate is the coefficient of the spatial lag of minimum wage violation rates, using IV/GMM estimation method and inverse distance weighting matrix, after excluding the labelled province. 
Robustness to alternative weighting matrices
While the previous estimates in the main results are derived using distance-based weighting matrices, economic distance might also be important. A city might be more likely to reference minimum wage standards in cities that have similar economic development levels rather than cities do not. Economic characteristics weights are common in the literature, e.g., ), Olney (2013 . Therefore, we construct four economic characteristics-based weighting matrices and re-estimate the model. Economic characteristics are all taken from the year 2003, one year before the first year of our analysis, so that the weighting matrix is arguably exogenous. In the case of GDP weighting matrix, the weight is calculated by , =
and standardized to row sum equal to 1. Likewise, we replace log GDP by three other economic indicators, labor force participation rate, the number of enterprises and per capita GDP, to construct three other weighting matrices. Lastly, we multiply the inverse distance weighting matrix and the per capita GDP weighting matrix to construct a new matrix, which will then incorporate both geographical and economic distance. Table 4 presents estimation results using these weighting matrices, each with three estimation methods. Again, the results are robust to the choice of weighting matrices.
All models give consistent results of spatial dependence in minimum wage standards. The magnitudes of estimation are also comparable to those in the main results. Similarly, we construct economic characteristics-based weighting matrices and re-estimate the race on the enforcement models. Table 5 shows that MLE and Arellano-Bond estimation methods yield statistically significant results, whereas IV/GMM method does not. The magnitudes of the estimates are comparable to those in the main results (Table 2) . Overall, the finding of a race on enforcement is robust to using economic characteristics-based weighting matrices. 
Conclusion
The theory of fiscal and regulatory competition between jurisdictions is more advanced than its empirical testing. This is particularly true of labor regulation in general, and minimum wage regulations in particular, and especially so for developing countries. Olney (2013) finds evidence of a race to the bottom in employment protection among OECD countries, with a reaction coefficient of 1.0-2.8. find labor rights in one country are positively correlated with those elsewhere, i.e., a cut in labor rights in other countries reduces labor rights in the host country, with the reaction coefficient about 0.55-0.88. They also argue that international competition lies more in enforcement than in labor laws.
This paper focuses on within-country competition on labor standards, and takes up the case of China, which introduced a vigorous minimum wage regime from the mid-2000s onwards.
The analysis utilizes the spatial lag framework and three estimation methods (including maximum likelihood estimation, IV/GMM method and Arellano-Bond GMM method) to study city-level The Chinese government has expanded minimum wage intervention greatly, in response to concerns about rising inequality. Our results show that there is significant interjurisdictional competition on the level of the minimum wage and in the enforcement among local governments.
Such competition could be wasteful, and lead to a race to the bottom, undermining the government's objectives. The interactions identified in this paper thus suggest the need for policy coordination on labor regulation in China.
Our analysis has broader significance given the resurgence of interest in minimum wages in developing countries as an instrument for addressing rising inequality. Bhorat, Kanbur and Stanwix (2017) provide a review of minimum wages in Africa. They find that "most countries in Sub-Saharan Africa (SSA) have adopted minimum wage regulation" and that "SSA as whole reflects a bias towards a more aggressive minimum wage policy compared to the rest of the world." In South Africa, for example, the current government has proposed a national minimum wage to replace the collection of sector and region-specific minimum wages. The question of whether to allow local setting of minimum wages to take account of local conditions is an area of open debate. In Asia, the decentralization reforms in Indonesia were accompanied by a decree allowing local governments to set minimum wages. As countries like Myanmar start a new era of labor regulation, the questions of minimum wages and local flexibility in implementation are at the forefront. In Russia, minimum wage setting was decentralized in 2007. Around the world, therefore, interjurisdictional competition in minimum wages is a live issue. Our analysis provides an initial framework in which competing perspectives on these debates can be assessed quantitatively.
Our evidence on jurisdictional interdependence in minimum wage setting within a country also raises a set of interesting further research questions. What we have shown is that local government react to each other in setting minimum wages, and in the enforcement of minimum wages. A natural interpretation of that is a possible "race to the bottom", as jurisdictions lower labor standards to attract investment. But could there also be a "race to the top" in other dimensions? Rather than lower labor standards, a local government could improve infrastructure, or improve the quality of local governance, to make investment more attractive.
This could set in motion a chain of reactions through which other localities respond by improving their infrastructure and business environment so that there is an upward virtuous cycle of overall improvement in labor productivity rather than a downward vicious spiral of lowering labor costs through lowering labor standards. This raises the empirical question-do we see such a virtuous race to the top in practice? And the policy question-what can the government do to trigger the virtuous spiral? Note: Industry share in total GDP = Secondary industry GDP/ total GDP. Labor force participation = the number of employees / population. The student enrollment in secondary schools, the student enrollment in primary schools and the number of hospital beds are all standardized by population. Kaitz ratio is equal to minimum wage divided by median wage.
